The demersal eggs and planktonic larvae of Chromis dispilus are described. Information is provided on egg hatching times and the abundance of larvae in surface waters. Eggs reared in the laboratory, and monitored in the field, took 5.5 days to hatch. Pigmentation patterns on the eggs, which change during development, allow the eggs to be staged in situ. Recognition of egg stages can be used to study the spawning and egg hatching times of C. dispilus. Larvae captured in a demersal plankton trap showed that eggs hatch after dark and usually on the outgoing tide. Immediately after hatching, larvae swim to the surface where they can be captured in large numbers using ichthyoplankton hauls. Since C. dispilus spawning is synchronous, large pulses of larvae can be expected to enter the plankton at intervals over the summer breeding season.
INTRODUCTION
Planktivorous reef fish, demoiselle Chromis dispilus (Griffin), are common on rocky reefs around north-eastern New Zealand. At offshore islands such as the Poor Knights adult fish may occur in densities of up to 3200 per 300 m 2 (Kingsford 1980; MacDiarmid 1981) . Spawnings of these fish ( Fig.  1 ) have been observed at many locations around Northland (Russell 1971 ) and as far south as East Cape, North Island (pcrs. obs.). Female C. dispilus lay demersal eggs on rocky nest sites which are Received 13 November 1984; accepted 26 February 1985 defended by males. Theses males guard the fertilised eggs from predators ijntil the embryonic fish hatch out as pelagic larvae. The spawning period of C. dispilus at Goat Island, Leigh, extends from early December to the beginning of April (Kingsford 1980) . Newly settled 1 0+ fish are found on rocky reefs from January until May. Pelagic C. dispilus larvae, therefore, arelpresent from December to May in the waters ofF northern New Zealand.
Although extensive ichthyoplankton surveys were undertaken by Crossland in 1981 and 1982 around north-eastern New Zealand, Chromis dispilus larvae were not recorded. It is important, therefore, that a description of C. dispilus larvae be added to the contributions made by Crossland so that more accurate assessments of the relative abundances of fish larvae types can be made in this area.
The demersal eggs of a number of pomacentrid species have been described in tropical areas (Abudefduf saxatilis. Shaw (1955) ; Chromis not at us. Fujita (1957) ; Chromis multilineata. Myrberg et al.. (1967) ; Chromis caeruleut Swerdloff (1970) ), subtropical areas (Abudefduf luridus. Pedro (1980) ), and temperate environments! (Chromis punctipinnis. Turner & Ebert (1962) ). Descriptions of larvae, however, are of mainly newly hatched fish by Shaw (1955 ), Fujita (1957 , Turner and Ebert (1962), and Pedro (1980) . Well developed pomacentrid larvae are described by Leis and Rennis (1983) . This paper describes the development of C. dispilus from newly spawned demersal eggs to planktonic larvae with a full adult finray complement. In addition, information is provided in diel egg hatching times and the abundances of larvae in surface waters.
METHODS

Eggs
Three female and three male C. dispilus were speared from a reef near Leigh (174°48'E, 36°16'S) and brought back to the Marine Laboratory. Eggs were striped from females and placed into petri dishes which contained sea water. The demersal eggs immediately adhered to the dishes. Fertilisation of the eggs was achieved by shedding sperm, from the male fish, into each petri dish. Petri dishes Table 1 The developmental stages of C. dispilus eggs, which are illustrated in Fig. 3 . The dimensions of the egg did not change during development (n -30). Length 0.9-1.1 mm, width 0.6-0.62 mm, oil droplet diameter 0.22-0.25 mm (usually one but sometimes multiple oil droplets). Egg stages observed underwater. Stage I, white, Fig. 3 were then submerged into 20 1 tanks. The use of petri dishes allowed the developing eggs to be examined under a microscope, described, and returned to the holding tank at regular intervals. A continuous flow of filtered sea water was maintained through the 20 1 tank which contained the petri dishes. Over a day the tank water temperature was 21 + 1°C.
To check the incubation times of the laboratory reared eggs, demersal eggs were also observed in the field, using SCUBA, at a North reef near Goat Island, Leigh (see Ayling 1978) . Eight groups of eggs, in separate nest sites, were identified and the developmental stages of each recorded daily during February 1980.
Larvae
Late stage eggs were removed from C. dispilus nests and transferred to the laboratory on six occasions. Newly hatched larvae were than put into tanks, each containing c. 60 1 of sea water which had been filtered through 0.108 mm mesh netting. Sea water was aerated through airstones. In addition, up to 19 1 of sea water was removed from the tank and replaced each day. The temperature of the tank water was 22 ± 1°C. Salinity was monitored daily using a hydrometer and fresh water was added to the tank if salinity exceeded 35 X 10 I Larvae were fed twice daily on zooplankton from Goat Island Bay. Zooplankton were caught using a 0.065 mm mesh net and large zooplankters were removed by grading through 0.28 mm mesh netting; hence, plankton in a size range suitable for fish larvae was retained (Houde 1974) . Reared larvae were killed, then viewed under a microscope, drawn, and a description of larval characteristics made. These characteristics were: melanophore patterns, myomere counts, and head development. The terminology used to describe the position of body melanophores is that of Russell (1976) .
Although larvae were raised in the laboratory to six days old, it was difficult to keep them alive for more than three days after hatching. Larger C. dispilus larvae were obtained from surface ichthyoplankton hauls using a 0.28 mm mesh net (cylinder/cone, 0.8 m diameter mouth). Some larvae were supplied by D. Robertson who used a 0.425 mm mesh net (cylinder/cone, 0.5 m diameter net).
Larval abundances
The hatching times of eggs were examined using a transparent, perspex, demersal plankton trap modelled from those used by Alldredge and King (1977) . The trap was placed over a patch of stage three eggs (see Results) in such a way that a space under the rim of the trap still allowed the nesting male to groom the eggs (by mouthing and fanning the eggs). The trap was put in position during the day and checked regularly until over 100 larvae were observed to have hatched.
Horizontal ichthyoplankton samples were taken on four occasions over North reef, Goat Island. The 0.28 mm mesh net was towed at 70 cm s ', 1-2 m below the surface.
RESULTS
Demersal eggs
Eggs adhere to the rocky substratum as the female extrudes them from her genital papilla during spawning (Fig. 1) . Adhesive tendrils attach the egg to the substratum and a buoyant oil droplet causes the long axis of the elliptical egg to orientate upward. Although the eggs usually contained one oil droplet, some eggs were observed with multiple oil droplets (Fig. 2) . The developmental stages of eggs raised in the laboratory are illustrated (Fig. 3) and a summary of general egg characteristics is given in Table 1 .
In the field, eggs were observed on the substratum and could be categorised into three broad developmental stages according to their degree of pigmentation (Table 1 ). They were: I. A white stage, which indicated the eggs were recently spawned. II. The black streak stage, characterised by the development of a dark melanophore pattern, the length of the embryonic body. III. The blue eye stage, eye pigmentation commences and as a result conspicuous blue eyes can be observed in the eggs underwater. The intensity of this metallic blue colour increases as egg hatching times approach. The incubation period of 127-137 h for eggs raised in the laboratory was comparable with that observed by monitoring single clutches of eggs in the nests of eight fish. In the field, the mean time to hatching was 127 + 3 h at 21-23T, n = 8.
Pelagic larvae
Small C. dispilus larvae are easily identified by the dorso-ventral contour melanophore pattern (Fig. 4,  Table 2 A, B) . In larger larvae, the conspicuous dorso-ventral contour melanophores move to a dorso-lateral position (Fig. 4C, D) . This pattern was still present on larvae measuring 7.0 mm (T.L.), which by this stage have the full adult finray compliment and are readily identified.
Larval abundances
C. dispilus larvae hatch from their eggs at night. Hatching times, recorded from a demersal plankton trap, indicated that no larvae hatch out before dusk (Table 3) . Although almost all of the larvae hatched in synchrony with the outgoing tide a few were observed to have hatched before the tidal change, but still after dark (Table 3) . Since large numbers of newly hatched larvae were captured in ichthyoplankton tows which filtered the top 1 m of water column, it seems that they swim toward the surface after hatching (Table 4) .
In the samples obtained from surface tows, newly hatched C. dispilus larvae comprised 51-94% of all fish larvae captured (Table 4) . Hence, on periods of egg hatching, C. dispilus larvae can be an extremely important component of the ichthyoplankton.
DISCUSSION
The spawning period of Chromis dispilus extends from early December until the beginning of April (Kingsford 1980) . During this period demersal eggs may be found on rocky reefs, guarded by male fish. C. dispilus eggs took 5.5 days to hatch (@ 2 PC) in the laboratory, and about the same in the field. This is shorter than the incubation time, of seven days, recorded by Russell (1971) who compared the incubation period of C. dispilus with those of other Chromis species. Accurate predictions of egg hatching times can be made by examining the pigmentation patterns of developing C. dispilus eggs. Using this technique in a more extensive study, the frequency of each egg stage in the nests of 50 C. dispilus were examined over a breeding season. These 
4.1
Further head development, an enlarged mouth and deepening of the trunk. Contour melanophore pattern has moved to a dorsolateral position. Some ventral abdominal and occipital melanophores.
7.0 Opercula and branchiostegal rays well developed. Dorso-lateral melanophores present. The primordial fin has gone and the full adult finray compliment is present. No body scales. Body measurements (mm) NL = 6.0, ED = 1.0, HL = 2.6, SA = 3.6, BD = 2.5, SL = 1.7 "Terminology: Melanophore patterns, Russell (1976) ; body measurements, Ahlstrom et al (1976) -Summary see Leis & Rennis (1983) . Table 3 The number of C. dispilus larvae captured in a demersal plankton trap which was placed over fish nests containing blue eye stage eggs. Table 2 . Scale bars = 1 mm. showed that spawning and egg hatching is synchronous (Kingsford 1980) . As a result of this spawning periodicity large numbers of eggs hatch at the same time, usually near full and new moons. C. dispilus larvae hatch at night and probably swim straight to the surface, where they are very abundant. By hatching on ebbing spring tides, larvae would be flushed away from the reef and probably offshore. Correlations between synchronous spawnings/hatchings and phases of the moon are well documented for tropical reef fishes (see review by Johannes 1978) which include some pomacentrids (Ross 1978; Pressley 1980; Doherty 1983) .
The result of many eggs hatching over a short period is that large pulses of C. dispilus larvae enter the plankton. Considerable temporal variability in the abundances of C. dispilus larvae can be expected, therefore, and when larvae are captured in ichthyoplankton hauls it is probable that many would be of the same age/size class. Since spawning begins in December and 0+ fish settle on rocky reefs from January to May (Kingsford 1980 ), pelagic C. dispilus larvae can be expected in coastal waters off northern New Zealand from December to May.
Of the five pomacentrid species recorded in New Zealand waters (Table 5 ) C. dispilus is most abundant. The only other common species is Parma alboscapularis (Ayling 1982) . Chromis hypsilepis occurs in very low numbers at both inshore and offshore localities (Kingsford 1980; MacDiarmid 1981) , but both Chromis fumea and Stegastes gascoynei are rarely seen; the latter has been observed once (Doak 1972) . Demersal spawnings have only been observed for three of the five species in New Zealand (Table 5 ). These species all spawn at the same time of year, so their larvae are in the plankton over the same period. It is not known how larvae of P. alboscapularis and C. hypsilepis compare with C. dispilus, but it is probable that melanophore patterns differ between the species. C. dispilus larvae, over 7.0 mm (T.L.) in length can be distinguished by their dorsal and caudal fin/ray counts from P. alboscapularis (Table 5 ). This may not be so easy for C. hypsilepis, but this species is rare and probably contributes very few larvae to the ichthyoplankton.
